Despite the occurrence of several diseases of cassava, the cassava black root rot (CBR) represents one of the main limiting factor for crop rentability in the world. However, the etiology of CBR is complex and it needs to be revised based on current molecular analysis. On this work, molecular and morphological studies allowed for the identification of three species of Botryosphaeriaceae causing black root rot disease of cassava in the states of Maranhão and Paraíba, Brazil, namely: Lasiodiplodia euphorbicola, Lasiodiplodia pseudotheobromae and Neoscytalidium hyalinum. This is the first report of these three fungal species as causal agents of CBR in the world.
Cassava (Manihot esculenta Crantz) is an important food source. Its tuberous edible roots are high in calories and are a source of starch, the major form of carbohydrate consumed in the tropics for human and animal nutrition (Adeoti, 2010; CEPLAC, 2013) . Furthermore, it tolerates adverse climatic and edaphic conditions and requires little care (Nweke et al., 2002) . Due to these characteristics, cassava is an important activity for smallholders and it is widely cultivated in developing countries to reduce famine, providing a major source of nutrition for over 500 million people (FAO, 2013) .
Currently, cassava productivity in Brazil, one of the probable centers of origin of cassava, is low. Cassava cultivation by family stallholders utilize low-level of technologies, including manivas (propagation materials) of poor physiological and phytosanitary quality (Silva et al., 2013) . The high occurrence of disease transmitted by propagation material is one of the main factors that contribute to lower cassava productivity in Brazil (Cavalcante, 2001) .
Some of these disease transmitted by propagative materials also occur in the postharvest phase. Among these is root rot, which is the main limiting factor for the production of cassava because it directly affects the marketable product. In Brazil numerous root rot fungi are listed as associated with cassava, namely: Fusarium solani (Mart.) Sacc., Phytophthora capsici Leonian, P. drechsleri Tucker, P. nicotianae var. parasitica (Dastur) G.M. Waterh., P. richardiae Buisman, Scytalidium lignicola Pesante, Rhizoctonia solani J.G. Kühn, Rosellinia necatrix Berl. ex Prill., and some Botryosphaeriaceae as Diplodia manihotis Sacc. and Lasiodiplodia theobromae (Pat.) Griffon & Maubl. (Mendes and Urben, 2014) . However, among these agents, only Scytalidium lignicola is considered to be the causal agent of cassava black root rot (CBR) (Laranjeira et al., 1994; Poltronieri et al., 1998; Muniz et al., 1999; Serra et al., 2009; Silva et al., 2013) . It causes severe yield losses (Silva et al., 2013) .
Nevertheless, the status of Scytalidium lignicola as the causal agent of CBR in Brazil needs to be revised based on molecular analysis. Recently, several species previously identified as Scytalidium were transferred to the genus Neoscytalidium (Seifert et al., 2011) . Neoscytalidium is morphologically similar to Scytalidium, but under certain conditions this fungus forms synnanamorphs having pycnidia which contain Fusicoccum-like conidia. Moreover, these two genera belong to different orders of Ascomycota (Crous et al., 2006; Seifert et al., 2011; Phillips et al., 2013) . Therefore, the identification of these fungi only by morphological characters can lead to errors. A morphological and molecular approach is required for a more accurate identification of the fungi associated with CBR (Hyde et al., 2010; Cai et al., 2011a; 2011b) .
In 2011, six fungal isolates from cassava plants with symptoms of CBR collected in the states of Maranhão and Paraíba were initially identified as Scytalidium sp. and Lasiodiplodia sp. based upon morphological characteristics. Later, these isolates were provided by Embrapa Mandioca e Fruticultura to the Laboratório de Patologia de Sementes e de Pós-Colheita of the Universidade Federal de Viçosa for taxonomical and molecular studies. The aim of the present study was to identify these isolates based on morphological characters and molecular analysis and to verify their pathogenicity.
The isolates were grown on Petri dishes containing 2% water-agar (WA) overlaid with double-sterilized twigs of Pinus and incubated at 25°C with a photoperiod of 12 h to induce the formation of fruiting bodies and sporulation. The single-spore derived cultures were deposited in the Coleção de Culturas de Fungos Fitopatogênicos "Prof. Maria Menezes" (CMM) at the Universidade Federal Rural de Pernambuco, Brazil. Sections of the fruiting bodies were prepared and mounted in lactophenol. Thirty measurements of conidia, paraphyses and conidiogenous cells were made with an Olympus CX31 light microscope. Images were obtained with an Olympus BX 51 light microscope fitted with a digital camera (Olympus EVOLT330).
Genomic DNA was extracted from colonies grown on PDA at 25°C for one week. Approximately 40 mg of mycelia were collected. Extraction was carried out through a process involving freezing the samples with liquid nitrogen and grinding them into a fine powder using a microcentrifuge tube pestle. The crushing was resumed after adding 100 µL of Nuclei Lysis Solution of the Wizard Genomic DNA Purification kit (Promega). Extraction continued as described by Pinho et al. (2012) . PCR reagents, primers and conditions were as described by Machado et al. (2014) . PCR products were directly sequenced at Macrogen (South Korea).
Nucleotide sequences were edited with the BioEdit software (Hall, 2012) . All sequences were checked manually and positions with ambiguous nucleotides were clarified using sequences from both DNA strands. New sequences were deposited in GenBank (see Table 1 for accession numbers). Sequences of internal transcribed spacer regions 1 and 2 including the 5.8S rRNA gene (ITS), translation elongation factor 1-α (TEF1-α) and β-tubulin (βt) of additional species were retrieved from GenBank (Table 1) . Consensus sequences were compared against GenBank's database using the MegaBLAST algorithm. The closest hit sequences were aligned using MUSCLE (Edgar, 2004) implemented in MEGA v. 5 (Tamura et al., 2011) . Alignments were checked visually, and manual adjustments were made when necessary. Ambiguously aligned sequences within the dataset were excluded from the analysis. The resulting alignment was deposited into TreeBASE (www. treebase.org) under accession number S15379. Phylogenetic analyses were conducted as described by Machado et al. (2014) . The models of evolution selected according to the Akaike Information Criterion (AIC) were GTR+I for ITS, HKY+G for TEF and GTR+G for βt and the tree was rooted to Spencermartinsia viticola CBS117009.
Pathogenicity one representative isolate of each species was tested. Each selected isolate was grown in a Petri dish with PDA for 7 days at 25°C. Roots that were approximately 20 cm х 7 cm wide had their bark wounded superficially with a scalpel on the inoculation site. Six mm diam culture disks obtained from the margins of the growing culture were placed on the wounds. Wounded roots on which PDA plugs were deposited served as controls. Five roots were inoculated with each isolate and placed in plastic boxes that contained a portion of moistened cotton wool and were maintained in a moist chamber at approximately 25°C for two weeks.
Phylogenetic analysis (Figure 1 ) and morphological comparisons (Table 2) Figure 2C-G) .
In recent years, morphological and molecular analyses have revealed a great diversity of species within plant pathogenic Botryosphaeriaceae (Begoude et al., 2010; Mehl et al., 2011; Ismail et al., 2012; Urbez-Torres et al., 2012; Marques et al., 2013a; 2013b; Machado et al., 2014) . Despite the usefulness of morphological characters, molecular analysis became essential for recognizing taxa that are included in species complexes, such as Lasiodiplodia (Alves et al., 2008; Abdollahzadeh et al., 2010; Ismail et al., 2012; Urbez-Torres et al., 2012; Marques et al., 2013a) . Molecular analysis can also distinguish taxa that show similar morphologies but are phylogenetically distant, such as the genera Neocytalidium and Scytalidium, which belong to Botryosphaeriaceae and Helotiaceae, respectively (Crous et al., 2006; Seifert et al., 2011; Phillips et al., 2013) . Similarly, molecular analysis in this study revealed that two species of Lasiodiplodia are associated with CBR, and demonstrated that the Scytalidium-like fungus that causes this disease belongs to Neoscytalidium. Thus, it is possible that previous reports of fungi causing CBR in Brazil (Laranjeira et al., 1994; Poltronieri et al., 1998; Muniz et al., 1999; Serra et al., 2009; Silva et al., 2013) were misidentified as Scytalidium lignicola.
The species Neoscytalidium hyalinum (=N. dimidiatum) is a botryosphaeriaceous fungus that, under special conditions, forms Scytalidium-like and Fusicoccumlike synnanamorphs (Crous et al., 2006; Phillips et al., 2013) . This is probably the main reason for the misidentification of this pathogen, which is often confused with the hyphomycete fungus Scytalidium. Therefore, it is clear that the identification of the etiologic agent of CBR requires a careful polyphasic approach.
Pathogenicity of the isolates representing the three species was confirmed two weeks after inoculation. All inoculated roots showed symptoms that were similar to those observed in the field, with the subsequent emergence of fungal structures occurring externally on the bark ( Figure  2A) . From the lesions, it was possible retrieve each of the inoculated fungi. Symptoms were not observed in control roots ( Figure 2B) .
Diseases caused by Neoscytalidium hyalinum tend to be more common in tropical countries (Phillips et al., 2013) . In Brazil, this species was previously reported on Jatropha curcas L. and Mangifera indica L. (Machado TABLE 1 -Genbank accession numbers of DNA sequences of Botryosphaeriaceae used in phylogenetic analysis. The specimens obtained in this study are highlighted in bold.
FIGURE 1 -Multilocus phylogenetic tree inferred from Bayesian analysis based on the combined sequences of the ITS, TEF-1α and βt genes. Bayesian posterior probabilities are indicated above the nodes. The tree was rooted to Spencermartinsia viticola CBS117009. Isolates characterized in this study are highlighted in bold. et al., 2012; Marques et al., 2013b) . Lasiodiplodia pseudotheobromae has been described in Carica papaya L., Jatropha curcas and Mangifera indica (Marques et al., 2013a; Machado et al., 2014; Netto et al., 2014) , whereas L. euphorbicola was reported only on Jatropha curcas and Carica papaya (Machado et al., 2014; Netto et al., 2014) . This is the first report of the occurrence of L. euphorbicola, L. pseudotheobromae and N. hyalinum on cassava.
Since black rot is a major limiting factor for cassava production in Brazil, the correct identification of the associated pathogen(s) is essential for future studies of disease management and for the selection of resistant varieties, and provides new and relevant information for quarantine programs.
